Abstract
those models) by re-analyzing existing datasets (Reise, 2012) . We, however, are unaware of a 48 single application of bi-factor analysis in SEP psychology despite the possible fit between the bi-49 factor model, and, how theory driven multidimensional scales often are developed in SEP 50 psychology. Therefore, the first purpose of this study was to provide a brief and general case for 51 the possible utility of the bi-factor model in SEP psychology. The second purpose of this study 52 was to explore the possible utility of the bi-factor model in SEP psychology by demonstrating 53 how the bi-factor model may be compared to more commonly used models within a substantive-54 methodological synergy format (Marsh & Hau, 2007) . The second purpose of this study can be 55 viewed as a general way to formally conceptualize and test competing measurement theories on a 56 given dataset. Competing theories often differ on the strength of a priori theory which may be 57 conceptualized (though imperfectly) as comparing a weaker theory (e.g., a less restrictive model) 58 based on a model generation (e.g., exploratory) approach to a stronger theory (e.g., a more 59 restrictive model) based on a model dis-confirmatory approach (Jöreskog, 1993) . 60 According to Reise, Moore, and Haviland (2010) there may not be a single reason for 61 why the bi-factor model has been used infrequently in psychology until recently. One practical 62 reason may have been the lack of a "bi-factor" command in some statistical software packages. 63 More substantive explanations may include the conceptualization of a general factor and group 64 factors that are orthogonal (Reise, 2012) . Whatever the reason(s) for the infrequent use of the bi-factor model in psychology over the last few decades, it seems clear that the potential utility of 66 both (a) the model itself has been (re-)discovered by an increasing number of scholars in 67 psychology (e.g., Chen, Hayes, Carver, Laurenceau, & Zhang, 2012; Gibbons, Rush, & 68 Immekus, 2009) and (b) comparing the model to other parameterizations of the factor model 69 (e.g., Chen, West, & Sousa, 2006; Reise, 2012) .
70
The Possible Utility of the Bi-factor Model in SEP Psychology 71 Theory-based scales in SEP psychology often are developed to measure a general 72 continuous latent construct along with several more narrowly defined continuous latent sub-73 domains (Tenenbaum, Eklund, & Kamata, 2012) . 1 The definition of the general construct 
82
The common factor model has been closely linked with investigations of construct 83 validity in SEP psychology for several decades (Zhu, 2012 The multi-study report by Bartholomew et al. (2011) Figure 1) . A general psychological needs thwarting structural relationships between models and less on the veracity of conceptual arguments.
232
The exploratory form of the bi-factor model was put forth because the complete a priori factor model allowed each group factor to directly influence only those items that were intended 239 to indicate a particular group factor (e.g., aut_1 loads on autonomy only). Thus, the confirmatory 240 model imposed a pattern matrix with bi-factor structure whereas the exploratory model allowed a 241 pattern matrix with bi-factor structure to emerge but did not force it to emerge. EFA with a bi-factor rotation criterion (Jennrich & Bentler, 2011) . Because rotation occurs after psychology (e.g., Gucciardi, Hanton, & Mallett, 2012 Bartholomew et al., 2011) . From a conceptual perspective, in the second-order factor model the Consistent with a competing theories approach on a given dataset, however, replication of the 315 subsequent findings with new datasets would also be of value (Jöreskog, 1993  with real data and imperfect theories (Yuan & Bentler, 2004) , and the utility of strict 346 adherence to the null hypothesis testing framework with regard to the assessment of model-data 347 fit in general (Marsh, Hau, & Wen, 2004) , a set of guidelines were also used to judge the 348 magnitude of change in model-data fit for nested models (e.g., CFIsimple -CFIcomplex = CFI). from 26% to 66% with a mean of 50% (see Table 2 ).
376
Orthogonal target rotation produced a pattern matrix that generally was consistent with a 377 priori expectations (compare Table 2 to panel c in Figure 1 alone (see panel c in Figure 1 ). This CBFA (i.e., Model 5 in Table 1) but incomplete, and handled more effectively in an exploratory form of the bi-factor model.
397
Thus, the key difference appears to be that there may be some non-zero loadings on non-intended 398 group factors (see Table 2 recall that the difference between the CBFA and the EBFA appeared to be more substantial, and 413 thus, support for EBFA was provided.
414

Discussion
415
We believe there may be a strong conceptual fit between the bi-factor model and how most relevant validity study (e.g., correlated first-order factors model) fails to be implemented in a subsequent study that is focused on the predictive validity of a general latent construct (e.g., 429 second-order factor model).
430
The possibility for a conceptual fit between the bi-factor model and how a particular that may be considered when deciding which model to eventually accept for a given purpose.
443
Predictive validity was not considered in the examples in the current study and future research in 444 this area is warranted prior to more strongly advocating a particular factor model.
445
A four-factor exploratory bi-factor analysis on the psychological needs thwarting scale 446 data produced a well-fitting model (in general and as compared to a confirmatory bi-factor 447 analysis) with an approximate bi-factor structure that was relatively consistent with the a priori 448 measurement theory as manifest within a bi-factor perspective. It is interesting to note that the 449 general psychological need thwarting factor -which is not modeled in the correlated first-order 450 factors model and is specified in a fairly restricted way in second-order factor model -accounted for more (56% versus 44%) of the common variance than the set of group factors (autonomy, 452 competence, and relatedness outcome with regard to the revising (or not) of these particular items, Table 1 and Table 2   469 combine to provide evidence for the consideration of the bi-factor model for future research in an 470 emerging area of research in SEP psychology: psychological need thwarting (e.g., Gunnell, 471 Crocker, Wilson, Mack & Zumbo, 2013 upon the interpretability of rotated pattern matrix in each case (see Table 2 ). We do not know if 480 our selection was optimal but we think that it was reasonable. Note.  = pattern coefficient;  0 = standardized pattern coefficient; PCVE = percentage of common variance explained;
Estimated coefficients that were not statistically significant (α = .05) and/or |λ 0 | < .20 were omitted from the table. Figure 1 . Factor models and the psychological needs thwarting scale. Model parameters (e.g., variances), identification constraints, and items sometimes were omitted to reduce clutter. The sequence of the panels follows, in general, a nested order: from a) simplest to d) most complex.
